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Background: Mortality and morbidity following aortic surgery, particularly repair of ruptured abdominal ortic aneurysm 
(AAA), is frequently associated with the development ofcoagulopathy. 
Objectives: To examine changes in platelet count (PC), fibrinogen, and coagulation in patients undergoing elective 
repair of asymptomatic abdominal aortic aneurysm (AAA) and aortic surgery for occlusive disease. 
Design: Prospective clinical study in a University Department of Vascular Surgery. 
Patients: Thirty-three patients undergoing elective repair of asymptomatic AAA and 19 patients undergoing aortic 
surgery for occlusive disease. 
Methods: Full blood count (FBC), clotting screen, and fibrinogen measured pre-operatively; 6, 12, 24, 48 h postoperatively; 
and thereafter as clinically indicated in 23 consecutive patients undergoing AAA repair (Group 1). Pre- and postoperative 
PC measured weekly for 4 weeks following operation in a further 10 consecutive patients undergoing AAA repair (Group 
2) and perioperative PC measured in 19 consecutive patients undergoing aortic surgery for occlusive disease (Group 3). 
Results: Group 1: Preoperative haematological parameters were normal. There was no mortality. Postoperatively, 21 
(91%) patients developed thrombocytopenia (PC <150 x 109/1). The postoperative falI in PC (median 90, range 12-160 
x 109/1) was significantly related to the duration of aortic cross-clamp (median 46, range 20-127 min, r 2 = 0.33, p<O.01). 
At 10 days all patients had developed thrombocytosis (PC >350 x 109/l) Postoperatively, by 48 h, 17 (74%) patients had 
developed hyperfibrinogenaemia. One patient suffered a myocardial infarction associated with a PC of 105 x 109/I and a 
fibrinogen of 7.2 g/1. 
Group 2: In a further 10 patients undergoing AAA repair postoperative thrombocytosis was found to persist for 
several weeks in five of nine survivors. 
Group 3: Patients undergoing aortic surgery for occlusive disease had significantly higher preoperative PC than AAA 
patients (median 292, range 179-251 x 109/1 vs. median 204, range 140-293 x 109/l, p<O.O1). 
Conclusions: Patients undergoing elective repair of AAA demonstrate similar, albeit less dramatic, changes in platelet 
count to those we have previously reported in patients undergoing repair of ruptured AAA. Aortic clamping leads to 
platelet sequestration a d thrombocytopenia in the early postoperative p riod. Later, patients develop hyperfibrinogenaemia 
and thrombocytosis which may persist for several weeks. Similar changes are seen in patients undergoing aortic surgery 
for occlusive disease. These changes may represent a hypercoagulable state that predisposes these patients to thrombotic 
complications. 
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Introduction 
The great majority of patients dying after attempted 
repair of ruptured abdominal aortic aneurysm (AAA) 
do so from one or more of the following; continued 
haemorrhage, multiple-organ failure (MOF), thrombo- 
embolic disease (TED), and myocardial infarction (MI). 
* Please address all correspondence to: Mr. A. W. Bradbury, Senior 
Lecturer inVascular Surgery, Vascular Surgery Unit, Royal Infirmary, 
Edinburgh EH3 9YW, U.K. 
There is increasing evidence that disseminated intra- 
vascular coagulation (DIC), with its haemorrhagic and 
prothrombotic effects, is central to the pathogenesis of 
these important complications. In relation to patients 
presenting with ruptured AAA we have reported pre- 
viously that established coagulopathy on admission 
to hospital is associated with a 100% mortality. ~ In 
addition, we have demonstrated a close relationship 
between changes in perioperative platelet count (PC) 
and outcome. 2 Thus, many patients develop a pro- 
found thrombocytopenia e rly in the postoperative 
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course that is strongly associated with death and mor- 
bidity from continued haemorrhage. Later, ap- 
proximately 50% of patients develop a thrombocytosis 
which is associated with MOF, TED such as deep 
venous thrombosis (DVT) and pulmonary embolism 
(PE), and MI. The cause(s) of these changes in co- 
agulation and PC are unknown. However, thrombus 
within the aneurysm sac may lead to consumption 
of platelets and coagulation factors such that these 
patients already have a sub-clinical chronic DIC prior 
to rupture. 3 It has also been suggested that the fib- 
rinolytic system is inappropriately activated in these 
patients.4 Shock and ischaemia developing suddenly as 
a result of rupture, and exacerbated by aortic clamping, 
may therefore act on a "primed" haemostatic system 
such that these patients rapidly develop a profound 
coagulopathy that is out of proportion to the degree 
of hypotension and blood loss. In order to understand 
better the pathogenesis of DIC in patients undergoing 
operation for ruptured AAA it is important o define 
the situation with regard to elective aortic surgery. 
The aim of the present study was therefore to examine 
closely the changes in PC and coagulation associated 
with elective aortic surgery for aneurysmal and oc- 
clusive disease; and to correlate the changes observed 
with morbidity and mortality. 
Patients and Methods 
Study group 1: Short term changes in PC, coagulation, 
and di"brinogen following elective AAA repair 
Twenty-five consecutive patients due to undergo elect- 
ive repair of asymptomatic AAA were prospectively 
studied. Two patients did not undergo aneurysm re- 
pair; one was found to have a caecal mass at lap- 
arotomy and underwent right hemicolectomy; the 
other was found to be inoperable due to dense ad- 
hesions from previous urgery. Data from 23 patients 
were therefore available for study. In each patient full 
blood count, activated partial thromboplastin time 
(APTT), prothrombin time (PTR), and fibrinogen were 
measured preoperatively and at 6, 12, 24, 48 and 
72 h postoperatively. Bloods were drawn thereafter as 
clinically indicated. Information on operative time, 
clamp time, blood loss, administration of heparin and 
protamine, transfusion requirements, aswell as details 
of morbidity were prospectively documented. 
Study group 2: Medium term changes in PC following 
elective AAA repair 
Because a proportion of patients in study group I had 
been found to have a thrombocytosis persisting to 
discharge from hospital a second group of 10 patients 
undergoing elective AAA repair were followed-up 
prospectively after discharge in order to determine 
how long thrombocytosis might persist. 
Study group 3: Short term changes in PC following 
elective aortic reconstruction for occlusive disease 
In order to determine whether the observed changes 
in PC were specific for AAA surgery a consecutive 
group of 19 patients undergoing aortic reconstruction 
for occlusive disease were also studied. There were 14 
men and five women with a median age (range) of 62 
(42-85) years. 
Results 
Study group 1: Short term changes in PC, coagulation, 
and fibrinogen following elective AAA repair 
The median age (range) of patients was 72 (53-84) 
years. There were five women and 18 men. No patients 
were receiving aspirin or non-steroidal anti-in- 
flammatory drugs preoperatively. The median max- 
imum diameter (range) of the AAA was 6.5 (4.3-8.3) cm 
as measured by preoperative ultrasound examination. 
Six patients required bifurcation grafts. All patients 
received coated Dacron prostheses and between 3000 
and 5000 units of heparin prior to aortic clamping. 
There was no mortality. Morbidity comprised one 
postoperative MI, one iatrogenic pneumothorax, one 
episode of myocardial ischaemia without evidence of 
infarction, a lymph leak from a groin wound and 
five chest infections. One patient underwent a second 
laparotomy for suspected ischaemic bowel but no 
abnormality was found and the patient recovered 
uneventfully thereafter. 
The median duration (range) of surgery was 120 
(60-240) min, the median duration (range) of aortic 
cross-clamp time was 46 (20-127) rain, and the median 
blood loss (range) was 1285 (450-3210)ml. Pre- 
operative haematological parameters (Table 1) were 
not significantly deranged. 
Postoperatively, 21 (91%) patients developed 
thrombocytopenia (PC <150 x 109/1, normal range in 
our laboratory is 150-350 x 109/1) during the first 72 
postoperative hours (Fig. 1). Postoperative fall in PC 
was defined as the difference between preoperative 
PC and the lowest PC detected in the first 72 h post- 
operatively. The postoperative fall in PC (median 90, 
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Table 1. Preoperative haematological parameters in 23 patients undergoing elective repair of 
asymptomatic abdominal aortic aneurysm. 
Patient median Normal median p value* 
(range) (range) 
Haemoglobin (g/l) 13.4 
(9.2-15.4) 
White ceU count ( x 109/1) 67 
(5.0-8.8) 
Platelet count ( x 109/1) 204 
(140-293) 
Prothrombin time (secs) 12.1 
(10.8-17.6) 
Activated partial thromboplastin time(s) 33.4 
(26.4--43.9) 
Fibrinogen (g/l) 5.16 
(2.61--4.3) 




control = 12 NS 
control = 34 NS 
1.5--4.0 NS 
* Compared with a population of 19 patients undergoing aortic surgery for occlusive disease, Mann- 
Whitney test. 
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Fig. 1. Platelet count following elective repair of asymptomatic 
abdominal aortic aneurysm, horizontal lines denote normal 
range. 
range 12-160 x 109/1) was related significantly to the 
duration of aortic cross-clamp (median 46, range 
20-127 min, r 2 = 0.33, p<0.01) (Fig. 2) but not to the total 
duration of operation, operative blood loss, transfusion 
requirements, preoperative PC, the amount of heparin 
or protamine administered, diameter of AAA, or the 
presence of iliac extension of aneurysmal disease. At 
10 days all four patients who had not yet been dis- 
charged had developed thrombocytosis (PC 
>350 x 109/1). 
There was no significant prolongation of clotting 
times preoperatively. There was a non-significant pro- 
longation of both PTR and APTT in all patients post- 
operatively but by 72 h clotting times had returned to 
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Fig. 2. Correlation between fall in platelet count following elective 
repair of asymptomatic abdominal aortic aneurysm and period of 
aortic cross-clamp, r 2= 0.33, p<0.01. 
significantly related to clamp time, total operating 
time, operative blood loss, or transfusion re- 
quirements. 
There was no significant abnormality in pre- 
operative fibrinogen levels. Postoperatively, there was 
an early fall in fibrinogen but by 48 h 17 (74%) patients 
had developed marked hyperf ibr inogenaemia (Fig. 
3). There was no significant correlation between the 
increase in fibrinogen and aortic clamp time, total 
operating time, blood loss, transfusion requirements, 
preoperative fibrinogen or postoperative changes in 
PC. 
One patient, a 72-year-old man, suffered an MI on 
the third postoperative day as demonstrated by new 
ECG changes and a rise in cardiac enzymes. Until 
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Fig. 3. Fibrinogen levels following elective repair of asymptomatic 
abdominal ortic aneurysm. Values denote median and error bars 
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Fig. 4. Postoperative changes inplatelet count and fibrinogen i a 
patient suffering a myocardial infarction on the third postoperative 
day after elective AAA repair. (©) fibrinogen; (0) platelet count. 
that point the patient had followed an uneventful 
perioperative course following Y-graft repair of a 
7.7 cm aortobi-iliac aneurysm. The MI was associated 
with left ventricular failure which required re- 
admission to the intensive care unit. He was treated 
with oxygen and nitrates and made a slow but other- 
wise uncomplicated recovery. This patients pre- 
operative haematological parameters were normal. 
Infarction was associated with a thrombocytopenia of 
105 x 109/1 and a markedly raised fibrinogen of 7.2 g /  
1 (Fig. 4). 
Study group 2: Medium term changes in PC following 
elective AAA repair 
The median age (range) was 70 (65-78) years. PC 
was measured preoperatively; during postoperative 
hospital stay; and 2, 3, and 4 weeks after surgery. Four 
patients were taking aspirin prior to surgery and six 
patients received intraoperative heparin. The median 
operation time (range) was 110 (70-285)min and the 
median aortic cross-clamp time (range) was 38 
(30-90) rain. Six patients had bifurcated grafts inserted. 
The median operative blood loss (range) was 1250 
(400-8000) ml and the median transfusion requirement 
(range) was 2 (0-13) units of red cell concentrate. All 
patients were commenced on subcutaneous heparin 
(5000 U twice daily) on the first postoperative day in 
the absence of clinical and/or  laboratory evidence of 
abnormal coagulation or PC. 
The median preoperative PC (range) was 198 (143- 
260) x 109/1. Within the first postoperative week, PC 
fell significantly in all patients and six developed 
thrombocytopenia. One patient had a fatal MI on the 
third postoperative day which was associated with a 
PC of 142 x 109/i. During the second and third weeks, 
five of nine survivors developed thrombocytosis. At
i month after surgery, PC was higher than preoperative 
levels in seven of nitre patients at which point the 
median PC (range) was 207 (159-315) x 109/1. 
Study group 3: Short term changes in PC following 
elective aortic reconstruction for occlusive disease 
The median preoperative PC (range) was 292 (179-251) 
x 109/1 which fell to a median (range) of 187 (103-364) 
x 109/1 during the first 24 h postoperatively (p<0.001 
by Mann-Whitney test) (Fig. 5). Preoperative PC in 
the 33 patients undergoing AAA repair (median 204, 
range 140-293 x 109/l) was significantly lower than 
preoperative PC in those patients undergoing aortic 
operation for occlusive disease (p<0.05 by Mann-Whit- 
ney U-test for unpaired samples). In other respects the 
postoperative pattern of PC resembled that seen in 
AAA patients although the changes were not as great. 
Discussion 
Although coagulopathy complicating ruptured AAA 
has received considerable attention, to date, few stud- 
ies have examined the changes in coagulation as- 
sociated with elective aortic surgery for either 
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Fig. 5. Perioperative changes inplatelet count in 19 patients under- 
going elective aortic surgery for occlusive disease. Horizontal lines 
denote normal range. 
aneurysmal or occlusive disease. Furthermore, in most 
studies, these two pathologies are not differentiated. 
Gibbs and colleagues 5'6 found increased levels of fib- 
rinogen, factor VIII, von Willebrand factor; no change 
in PTR, APTT, thrombin time, or platelet aggregability; 
and decreased protein C, antithrombin III and ~2 
macroglobulin 2,4, and 6 days following aortic surgery. 
They concluded that patients undergoing aortic sur- 
gery may develop a postoperative hypercoagulable 
state that possibly predisposes to thrombotic om- 
plications such as MI. Similarly, Gomez et al. 7 found 
a significant increase in platelet derived plasminogen 
activator inhibitor (PAI) after aortic surgery. De Mol 
Van Otterloo et al. 8 found that patients with AAA 
demonstrated increased platelet activation and fibrin 
metabolism as shown by increased preoperative l vels 
of f3-thromboglobulin, fibrinopeptide A (FPA), and 
fibrin degradation products (FDP) when compared 
with patients undergoing cholecystectomy. Gallino et 
al. 9 found that patients with AAA had increased urin- 
ary FPA suggesting increased thrombin formation. 
The present study is therefore the first to examine 
prospectively in detail the preoperative, short and 
medium term postoperative changes in PC and co- 
agulation associated with elective aortic surgery for 
both aneurysmal and occlusive disease. 
Preoperatively, patients exhibited no significant de- 
rangement in serum fibrinogen, APTT or PTR. Al- 
though AAA patients did have significantly lower PC 
than patients undergoing aortic surgery for occlusive 
disease, it is difficult to know whether this represents 
a relative reduction in PC in patients with AAA or 
a relative increase in PC in patients with occlusive 
aortoiliac disease. In other respects the postoperative 
changes in PC accompanying aortic surgery for oc- 
clusive disease were similar to those found after AAA 
repair. 
Postoperatively, patients undergoing elective aortic 
surgery demonstrated similar, albeit less dramatic, 
changes in PC to those we have previously observed 
in patients undergoing emergency repair of ruptured 
AAA; that is, early thrombocytopenia and later throm- 
bocytosis. Furthermore, follow-up studies in AAA 
patients uggest hat these changes may persist for at 
least several weeks after operation. There was no 
relationship between blood loss and blood product 
replacement and fall in PC. Interestingly, however, 
there was a significant relationship between the period 
of aortic cross-clamp and the fall in PC during the 
first 72 h postoperatively. This phenomenon has not 
previously been reported in patients although Cohen 
et al. 1° found a significant correlation between aortic 
clamp time and fall in PC in a canine model of supra- 
coelic aortic occlusion. 
Taken together these results support he hypothesis 
that aortic cross-clamping contributes to platelet se- 
questration and thrombocytopenia in the early post- 
operative period. The mechanisms underlying this 
process, as well as the later development of throm- 
bocytosis, are unknown but may be related to increased 
levels of circulating cytokines, in particular inter- 
leukin(IL)-6.11'12 Other workers have reported free rad- 
ical mediated lipid peroxidation on reperfusion 
following supracoeliac aortic cross clamping as part 
of aneurysm repair. ~3 Gadaleta et al. studied 10 patients 
undergoing AAA repair and found a close relationship 
between aortic clamp time, neutrophil derived leuko- 
triene B4 production, arterial oxygen pressure/in- 
spired oxygen ratio on admission to the intensive 
therapy unit, and tracheal intubation time. ~4 Platelet 
count may therefore be a manifestation of a complex 
series of events involving platelet, leucocyte and endo- 
thelial cell activation. ~5 AAA repair would therefore 
seem to be an excellent model for looking at the 
mechanisms underlying ischaemia-reperfusion injury. 
The present study also demonstrates that patients 
undergoing aneurysm repair develop postoperative 
hyperfibrinogenaemia. Recent studies have indicated 
that hyperfibrinogenaemia is  powerful, independent 
risk factor for cardiovascular, peripheral vascular and 
cerebrovascular disease; although the mechanisms in- 
volved are not fully understood. For example, in the 
Edinburgh Artery Study, serum fibrinogen was in- 
dependently associated with the prevalence of both 
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asymptomat ic  and symptomat ic  arter ial  disease. 16 
Raised f ibr inogen levels have been repor ted  after uro-  
logical,  17 gastrointest inal ,  18 cardiac/9 and or thopaed ic  
surgery  for t rauma.  2° The causes of postoperat ive  
hyper f ib r inogenaemia  are not  wel l  def ined but  may,  
l ike changes in PC, be at least par t ly  due to IL-6 
s t imulat ion  of the liver. ~s F ibr inogen may also be re- 
leased by  megakaryocytes  and c irculat ing platelets.  21
The cl inical consequences of post -operat ive  hy-  
per f ib r inogenaemia  and changes in PC require further  
s tudy  but  changes in f ibr inogen and f ib r inopept ide  
levels have been l inked to the deve lopment  of pul -  
monary  dys funct ion  fo l lowing t rauma 22 and  to arterial  
bypass  occlusion. In this respect  f ibr inogen is known 
to enhance leucocyte 23 and plate let  24 adherence to vas-  
cular  endothe l ium.  It is par t i cu lar ly  interest ing to spec- 
ulate whether  there might  be an associat ion between 
postoperat ive  hyper f ib r inogenaemia ,  p late let  se- 
quest rat ion  and MI. The single pat ient  suffer ing an 
MI  d id  so on the th i rd  postoperat ive  day  and at that 
t ime had  a fal l ing PC of 105 x 109/1 and  a rap id ly  
r is ing f ibr inogen level at a lmost  twice the upper  l imit  
of the normal  range at 7.4 g/1. 
In general ,  elective aortic surgery  is a safe procedure  
wi th  a w ide ly  repor ted  operat ive  morta l i ty  of less than 
5%. Derangements  in haemostat ic  mechan isms and 
coagulat ion  are, therefore,  for the most  part  subcl inical.  
However ,  unders tand ing  the pathogenes is  of these 
changes in elective aortic surgery  is impor tant  if we  
are to improve  further  upon these results as wel l  as 
to determine  the causes of coagu lopathy  assoc iated 
wi th  emergency  repai r  of ruptured  AAA where  the 
operat ive  morta l i ty  is 10 to 20 t imes higher. 
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